Introduction {#S0001}
============

Chronic obstructive pulmonary disease is a major chronic respiratory disease, which has risen to the third leading cause of mortality worldwide. It is characterized by incomplete reversible airflow obstruction and associated with emphysema and chronic inflammation.[@CIT0001] The pathogenesis of COPD is complex involving inflammation response, oxidative stress (oxidant/antioxidant imbalance), protease/protease imbalances, environmental insults, and host genetics.[@CIT0002] Cigarette smoking is the main risk factor for COPD and there are more than 40 million COPD patients in China which was caused by cigarette smoking mostly up to 2014.[@CIT0003],[@CIT0004] Oxidative/antioxidant imbalance is one of the mechanisms of the pathogenesis of COPD;[@CIT0005] cigarette smoking can bring a large amount of oxygen free radical into lung and trigger oxidative stress, which directly damages the lung tissue in the pathological progression of COPD. To deal with the damage, a series of antioxidases are involved in the antioxidant system to resist the harm of oxygen free radicals.[@CIT0006]

Many of the antioxidants in the body, including glutathione-S transferase (GSTP1), heme oxygenase (HO-1), and superoxide dismutase (SOD), have been reported as important factors to reduce the occurrence of COPD.[@CIT0007]--[@CIT0009] GSTP1 is recognized as a member of GSTs superfamily which is located on chromosomes 11q13. It was reported to be associated with COPD by replication and meta-analysis.[@CIT0010] There are two GSTP1 genotype polymorphic sites, including exon 5 A313G (Ile105Val) mutation and exon 6 C341T (Ala114Val) mutation.[@CIT0011] HO-1 is the inducible isoform of heme oxygenase which serves as "sensor/effector" by sensing cellular stress (oxidative, nitrosative, inflammatory, and metabolic).[@CIT0012] The HO-1 gene is located on human chromosome 22 (22q12), and the repeated sequence polymorphism of GT in its promoter region can reduce the induction of HO-1 and weaken the antioxidant capacity of the body.[@CIT0008] The SOD3 gene is located in human chromosome 4 (4pter-q21), with two introns and three exons. It is widely expressed and can remove the superoxide ions in the organism. Studies have shown that the polymorphism of SOD-3 gene may be associated with the occurrence of COPD.[@CIT0013] However, the role of genetic polymorphisms of these three genes on COPD susceptibility has not been evaluated yet.

Here, we genotyped 4 single nucleotide polymorphisms (SNPs) from these 3 genes in 150 COPD patients and 150 controls to analyze genetic polymorphisms and interactions with COPD-related quantitative traits using correlation analysis and multivariate logistic regression analysis. The results indicated that genotype distributions and allele frequencies of GSTP1, HO-1, and SOD-3 were significantly different between the COPD and the control group, while there is no correlation between the polymorphism of GSTP1, HO-1, and SOD3 and the different stages of COPD. Furthermore, multivariate logistic regression analysis indicated that COPD GSTP1-exon5 SNP and HO-1 (GT)n SNP are high-risk factors for COPD and there was interaction between GSTP1 exon5 SNPS and HO-1 (GT)n SNP. We also showed that the GSTP1-exon5 and HO-1 polymorphisms were associated with oxidative stress markers level including 8-iso-PGF2, MDA, and CAT. Collectively, this study shows that genetic polymorphisms of GSTP1, HO-1, and SOD-3 are associated with COPD susceptibility.

Materials and methods {#S0002}
=====================

Patient characteristics and clinical features {#S0002-S2001}
---------------------------------------------

All patients were divided into three groups based on clinical features according to Global Initiative for Chronic Obstructive Lung Disease criteria.[@CIT0014],[@CIT0015] Patients with COPD were clinically stable, with no evidence of respiratory infection or an acute exacerbation for at least. The groups contained 150 blood samples in each: Control group and COPD group. Moreover, the COPD group was also divided into stable COPD and acute aggravation COPD. [Table 1](#T0001){ref-type="table"} summarized the patient characteristics and clinical features. The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the Fifth People's Hospital of Shanghai, Fudan University. All participants provided written informed consent.Table 1Baseline characteristics of patients included in the studyCharacteristicsControlCOPDAEStableNumber of cases1507476Sex (male/female)78/7241/3344/32Age (years)64.15±8.2963.24±9.6862.96±7.68Smoking (yes/no)84/6653/21^★^54/22^★^Smoking index (year × branch)432±124622±106^★^613±112^★^FEV1/FVC (%)82.56±4.6243.35±6.21^★^54.18±7.26^★^FEV1 (pre%)87.57±6.5655.38±4.23^★^58.93±5.18^★^[^2][^3]

Collection of blood samples and extraction of DNA {#S0002-S2002}
-------------------------------------------------

Peripheral blood samples (2--4 mL) were collected with EDTA and were stored at −20°C. Genomic DNA was extracted from the blood samples using DNA extraction kit (TIANGEN Co., China).

SNPs selection and genotyping {#S0002-S2003}
-----------------------------

Primer sequences, amplification, and details of purification conditions were conducted as described in previous studies.[@CIT0008],[@CIT0011],[@CIT0013] The SNPs were genotyped by using Polymerase chain reaction-sequence based typing (PCR-SBT), contained Taq DNA polymerase (Takara, Dalian, China) and BigDye^TM^ Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). All the purified products were separated on agarose gel electrophoresis to define whether the amplification was successful. Then, the Cycle Sequencing Kit was used to sequence the purified PCR products directly. At last, Seqman software was applied to analysis the genotype of each specimen on the basis of nucleic acid sequence.

Biochemical parameters {#S0002-S2004}
----------------------

Plasma MDA levels and CAT activity were measured as previously described on a high-throughput Spectramax-plus384 Spectrophotometer (Molecular Devices, USA).[@CIT0016],[@CIT0017] The 8-iso-PGF2α concentration was determined in serum using 8-isoprostane ELISA Kit (Cayman Chemical; Ann Arbor, MI, USA), and the results were read by means of EL808 IU (BioTek; Winooski, VT, USA). The coefficient of variation was \<5% for intra- and inter-batch assessment.

Statistical analysis {#S0002-S2005}
--------------------

Statistical analyses were performed in SPSS version 17.0 (SPSS Inc, Chicago, IL, USA). The demographic and clinical data of the COPD patients and the control subjects were compared using the χ^2^ test and Student's *t*-test. Differences in allelic and genotypic frequencies of the gene polymorphisms in healthy controls and patients with COPD were compared by χ^2^ test, which was also used to evaluate Hardy--Weinberg equilibrium for each individual locus. A multiple logistic regression analysis was performed to correct the significant *P*-value.[@CIT0018]

Results {#S0003}
=======

Smoking was closely related to the general characteristics of COPD patients {#S0003-S2001}
---------------------------------------------------------------------------

The participants consisted of 150 cases (85 males) and 150 controls (78 males). As shown in [Table 1](#T0001){ref-type="table"}, there was no statistically significant difference (*P*\>0.05) in sex and age between the two groups by an independent-samples  *t*-test and chi-squared (χ^2^) test, respectively. Patients with stable or acute exacerbations (AE) of COPD had significant higher smoking index and smoking history compared with control participants. Furthermore, FEV1/FVC (%) and FEV1(pre%) were significantly lower in COPD groups compared with control (*P*\<0.05), suggesting that smoking was closely related to the occurrence of COPD.

Association of the GSTP1, HO-1, and SOD-3 polymorphism with COPD {#S0003-S2002}
----------------------------------------------------------------

The genotype distributions and allele frequencies of GSTP1, HO-1, and SOD-3 in the COPD and control groups are listed in [Tables 2](#T0002){ref-type="table"} and [3](#T0003){ref-type="table"}. There were significant differences in genotype frequencies at GSTP1, HO-1, and SOD-3 polymorphic sites between the two groups. The allele frequencies of these three SNPs display the significant difference between the COPD and control group after passing correlation analysis. To sum up, the polymorphism of GSTP1, HO-1, and SOD3 is correlated with the occurrence of COPD.Table 2Genotype frequencies of the GSTP1, HO-1, and SOD-3 in the two groupsGeneCOPDControl*P*GSTP1-exon5 AA (%)45 (30.00%)67 (44.67)0.024 AG (%)72 (48.00%)61 (40.67) GG (%)33 (22.00%)22 (14.66)GSTP1-exon6 CC (%)18 (12.00%)42 (28.00)0.002 CT (%)96 (64.00%)82 (54.67) TT (%)36 (24.00%)26 (17.33)HO-1 (GT)~n~ M\*S/M\*S (%)70 (46.67)88 (58.67)0.032 L/M\*S (%)\
 L/L (%)58 (38.67)\
22 (14.66)52 (34.67)\
10 (6.66)SOD-3 C/C (%)110 (46.67)126 (58.67)0.038 C/G (%)32 (38.67)22 (34.67) G/G (%)8 (14.66)2 (6.66) Table 3The allele frequencies of GSTP1, HO-1, and SOD-3 in the two groupsGeneCOPDControl*P*OR (95% CI)GSTP1-exon5 A (%)162 (54.00)195 (65.00)0.0061.582 (1.139--2.197) G (%)138 (46.00)105 (35.00)GSTP1-exon-6 C (%)132 (42.67)166 (37.33)0.0061.577 (1.142--2.176) T (%)168 (57.33)134 (62.67)HO-1 (GT)~n~ M\*S (%)198 (46.00)228 (35.00)0.0071.631 (1.142--2.331) L (%)102 (54.00)72 (65.00)SOD-3 C (%)252 (54.00)274 (65.00)0.0062.007 (1.209--3.333) G (%)48 (46.00)26 (35.00)

Correlation analysis of the polymorphisms of GSTP1, HO-1, and SOD3 in different stages of COPD {#S0003-S2003}
----------------------------------------------------------------------------------------------

The COPD patients were divided into smoker with stable COPD (COPD-Stable) group and smoker with acute exacerbation COPD (COPD-AE). The genotypes and allele frequencies of these three selected genes in these groups are listed in [Tables 4](#T0004){ref-type="table"} and [5](#T0005){ref-type="table"}. Correlation analysis demonstrated that there were not significant differences in GSTP1, HO-1, and SOD3 among the three groups. These results indicated that the polymorphisms of GSTP1, HO-1, and SOD3 are correlated with the occurrence of COPD, but there is no correlation with the different stages of COPD.Table 4Frequency analysis of GSTP1, HO-1, and SOD3 genotypes in different stages of COPDGeneCOPD-AECOPD-Stable*P*GSTP1-exon5 AA (%)20 (27.03)25 (32.89)0.511 AG (%)35 (47.30)37 (48.68) GG (%)19 (25.67)14 (18.43)GSTP1-exon6 CC (%)7 (9.46)11 (14.47)0.363 CT (%)46 (62.16)50 (65.79) TT (%)21 (28.38)15 (19.74)HO-1 (GT)~n~ M\*S/M\*S (%)34 (45.95)36 (47.37)0.319 L/M\*S (%)32 (43.24)26 (34.21) L/L (%)8 (10.81)14 (18.42)SOD-3 C/C (%)58 (78.38)52 (68.42)0.382 C/G (%)13 (17.57)19 (25.00) G/G (%)3 (4.05)5 (6.58) Table 5Allele frequency analysis of GSTP1, HO-1, and SOD3 in different stages of COPDGeneCOPD-AECOPD-Stable*P*OR (95% CI)GSTP1-exon5 A (%)71 (47.97)91 (59.87)0.2541.303 (0.826--2.054) G (%)77 (52.03)61 (40.13)GSTP1-exon6 C (%)60 (40.54)72 (47.37)0.2341.320 (0.836--2.085) T (%)88 (59.46)80 (52.63)HO-1 (GT)~n~ M\*S (%)100 (67.57)98 (64.47)0.5720.871 (0.540--1.405) L (%)48 (32.43)54 (35.53)SOD-3 C (%)129 (87.16)123 (80.92)0.1400.625 (0.333--1.172) G (%)19 (12.84)29 (19.08)

Multivariate logistic regression analysis of risk factors associated with COPD {#S0003-S2004}
------------------------------------------------------------------------------

The multivariate logistic regression analysis of COPD-related risk factors is presented in [Table 6](#T0006){ref-type="table"}. Comparing with the control group, the odds ratio (OR) of COPD in smoking, GSTP1-exon6 SNP, and SOD-3 SNP increased by 1.342 \[95% confidence interval (CI): 1.145--3.218, *P*=0.084\], 1.028 (95% CI: 0.788--3.331, *P*=0.175) and 0.886 (95% CI: 0.567--3.025, *P*=0.223), respectively, suggesting that there was no statistically significant difference in the incidence of COPD between smoking, GSTP1-exon6 SNP and SOD-3 SNP. While the OR of COPD in GSTP1-exon5 SNP and HO-1 (GT)n SNP was 2.923 (95% CI: 1.245--4.616, *P*=0.023) and 4.127 (95% CI: 1.887--5.525, *P*=0.008), respectively. From the above, it is indicated that the incidence of COPD in GSTP1-exon5 SNP and HO-1 (GT)n SNP are high-risk factors for COPD.Table 6Logistic regression analysis of risk factorsFactorsβSE*P*OROR 95% CISmoking0.8830.3450.0841.3421.145--3.218GSTP1-exon50.9360.3760.0232.9231.245--4.616GSTP1-exon60.7230.3150.1751.0280.788--3.331HO-1 (GT)~n~1.1750.3870.0084.1271.887--5.525SOD-30.6250.2850.2230.8860.567--3.025

Analysis of the interaction between GSTP1-exon5 and HO-1 (GT)n SNP {#S0003-S2005}
------------------------------------------------------------------

Then, we analyzed the interactions between the two high-risk factors GSTP1-exon5 and HO-1 (GT)n SNP. As shown in [Table 7](#T0007){ref-type="table"}, compared with the control group, the risk of COPD in smokers with GSTP1-exon5 SNP but without- HO-1 (GT)n SNP was 1.234 times higher than that of the control group, while that of with HO-1 (GT)n SNP but without GSTP1-exon5 SNP was 2.543 times higher than that of the control group. However, in persons with both two SNPs, the risk was as much as 5.128-fold higher than that in the control group (*P*\<0.05, 95% CI: 1.784--9.387), and the OR value of which was much more than the product of the former two conditions (5.128\>1.234×2.543). These results suggested that there was interaction between GSTP1 exon5 SNPS and HO-1 (GT)n SNP.Table 7Analysis of the interaction between GSTP1-exon5 SNP and HO-1 (GT)n SNPFactorsORβ*P*OR 95% CIGSTP1-exon5 SNP1.2340.6820.1460.972--5.124HO-1 (GT)n SNP2.5430.9430.0881.123--6.849GSTP1-exon5 SNP & HO-1 (GT)n SNP5.1282.1350.0111.784--9.387

Association of the GSTP1-exon5 and HO-1 (GT)n polymorphism with the oxidative stress markers {#S0003-S2006}
--------------------------------------------------------------------------------------------

We further evaluate the association of GSTP1-exon5 and HO-1 (GT)n genotypes with 8-iso-PGF2α concentration, MDA concentration and CAT activity, respectively. As shown in [Table 8](#T0008){ref-type="table"}, the genotypes AG of GSTP1-exon5 and L/M\*S of HO-1 (GT)n were associated with increased 8-iso-PGF2α and MDA concentration (*P*\<0.05), and with decreased CAT activity (*P*\<0.05) compared with AA of GSTP1-exon5 and M\*S/M\*S of HO-1 (GT)n in patients. The genotypes GG of GSTP1-exon5 and L/L of HO-1 (GT)n were also associated with increased 8-iso-PGF2α and MDA concentration (*P*\<0.05), and with decreased CAT activity (*P*\<0.05) as compared to the genotypes AA, AG of GSTP1-exon5 and M\*S/M\*S, L/M\*S of HO-1 (GT)n in patients.Table 8Analysis of the association of GSTP1-exon5 and HO-1 (GT)n genotypes with 8-iso-PGF2α concentration, MDA concentration, and CAT activity in the COPD patientsGene8-iso-PGF2α\
(mg/L)MDA\
(μmol/L)CAT\
(U/mL)GSTP1-exon5 AA25.58±6.354.23±2.7343.38±5.03 AG36.36±6.89**^★^**6.45±3.02**^★^**34.56±4.25**^★^** GG54.18±8.12**^★&^**9.87±3.38**^★&^**26.17±3.94**^★&^**HO-1 (GT)~n~ M\*S/M\*S31.25±5.885.09±3.1439.23±5.85 L/M\*S42.67±7.12**^★^**6.86±3.89**^★^**32.43±5.65**^★^** L/L60.39±7.58**^★&^**11.26±4.12**^★&^**23.98±5.72**^★&^**[^4]

Discussion {#S0004}
==========

COPD is a complex polygenic disease with genetic contributions from multiple genes. In our study, we found that the polymorphisms of GSTP1, HO-1, and SOD3 were apparently associated with the occurrence of COPD, while there was no correlation with the different stages of COPD. Moreover, GSTP1-exon5 SNP and HO-1 (GT)n SNP are high-risk factors for COPD and GSTP1-exon5 SNP may interact with HO-1 (GT)n, inﬂuencing the COPD risk. We also determined that the genotypes, AG, GG of GSTP1 exon5 and L/M\*S, L/L of HO-1 (GT)n associated with increased 8-iso-PGF2 and MDA concentration and decreased CAT activity. In conclusion, smoking is an important factor in COPD, and the polymorphisms of GSTP1, HO-1, and SOD3 are correlated with the occurrence of COPD.

Environmental and genetic factors are involved in the pathogenesis of COPD.[@CIT0019],[@CIT0020] Environmental factors such as smoking and air pollution can lead to a series of complex biological reactions, such as oxidative stress, which can induce the development of COPD, and genetic variation can regulate the expression or function of related antioxidant genes. The molecules involved in these reactions determine the susceptibility of COPD. Studies have shown that cigarette smoking is a main risk factor for COPD, and the interaction between genes and smoking is related to lung function in COPD.[@CIT0021],[@CIT0022] In our study, we found that smoking was closely related to the general characteristics of COPD patients and the polymorphism of GSTP1, HO-1, and SOD3 is correlated with the occurrence of COPD, but there is no correlation with the different stages of COPD.

Accumulated genetic association and genome-wide linkage studies have identified several candidate genes that might be involved in the pathogenesis of COPD. At present, most genetic association studies on COPD risk are focused on determining the individual effects of SNPs and their interaction effects on the disease. Yuan et al found that CDH13 genetic variants determine Chinese individuals' susceptibility to COPD and could be used as efficient genetic biomarkers for early detection of COPD.[@CIT0018] Xie et al demonstrated that the polymorphisms of WWOX play a role in COPD susceptibility and pulmonary function traits in COPD inheritance.

An et al investigated the interaction among EPHX1, GSTP1, SERPINE2, and TGFB1 contributing to the quantitative traits of COPD.[@CIT0007] But Yang et al drew a conclusion that the results showed no significant association between gene polymorphism and COPD risk in Asian population and Caucasian population through a meta-analysis.[@CIT0023] Guénégou et al found that HO-1 acts against oxidants that were thought to play a major role in the pathogenesis of COPD. A (GT)n repeat polymorphism in the HO-1 gene promoter could modulate the gene transcription in response to oxidative stress.[@CIT0008] Zhou et al also indicated that L allele and type I (L carriers) were the risk factors of COPD in Asian population, not Caucasians. They also found HO-1(GT)n polymorphism was not related to COPD severity.[@CIT0024] Young et al suggest that SOD3 functions as an important antioxidant protein in smokers and the 213Gly SOD3 genetic variant was associated with conferring resistance to COPD in some smokers.[@CIT0013] However, Sorheim et al concluded that polymorphisms in the SOD3 gene were associated with CT emphysema but not COPD susceptibility.[@CIT0025]

In our study, the repeated polymorphisms of short tandem repeats in HO-1 gene promoter region were found to carry the frequency of L-type allele and the frequency of carrying L-type allele in COPD patients was significantly higher than that in controls. It is possible that GSTP1-exon5 SNP and HO-1 (GT)n SNP were at increased risk of COPD and there was interaction between GSTP1 exon5 SNPs and HO-1 (GT)n SNP. Additionally, we investigated the correlation between the genotypes and the biomarkers; we observed the genotypes AG, GG of GSTP1 exon5 and L/M\*S, L/L of HO-1 (GT)n associated with increased 8-iso-PGF2α, MDA levels, and decreased CAT activity in COPD patients, suggesting an increased oxidative stress. GSTP1 is important for redox regulation and defense from xenobiotics, and it has been shown to be associated with oxidative stress in patients with HBeAg-positive CHB.[@CIT0026] HO-1 acts against oxidants that are thought to play an important role in the pathogenesis of COPD. A (GT)(n) repeat polymorphism in the HO-1 gene promoter can modulate the gene transcription in response to oxidative stress.[@CIT0008] Alteration in expression of detoxifying and antioxidant genes has been shown to be an important susceptibility factor for COPD.

This study concluded that genetic polymorphisms in GSTP1, HO-1, and SOD-3 were all correlated with the occurrence of COPD. Nevertheless, the results were not completely consistent with those of other studies abroad and in China above, which may be attributed to environmental factors, different regions, and racial diversities, as well as the differences in experimental design and data analysis. In the later work, we will carry on the further research by expanding the sample size to provide effective theoretical basis for COPD nosogenesis.

In summary, we suggested that GSTP1, HO-1, and SOD3 genetic polymorphisms may play a significant role in the development of COPD susceptibility, while genetic polymorphisms of these three genes were not related to with the different stages of COPD. Moreover, GSTP1 exon-5 SNPS and HO-1 (GT)n SNP were two high-risk factors of COPD, which existed an interaction with each other thus participating in COPD susceptibility. The genotypes AG, GG of GSTP1 exon5 and L/M\*S, L/L of HO-1 (GT)n were associated with increased 8-iso-PGF2α, MDA levels, and decreased CAT activity in COPD patients. These findings provide further insights into the polymorphism of genotype combinations at risk of developing COPD and improve understanding on the development of genetic susceptible biomarkers for the detection of COPD.
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